Background: The physician assistant (PA) profession is a nationally recognized medical profession in the United States of America (USA). However, relatively little is known regarding national trends of the PA workforce.
Background
The physician assistant (PA) profession of the United States of America (USA) emerged in the late 1960s, and has continued to thrive, becoming internationally recognized [1] [2] [3] . As health care professionals, PAs are licensed to practice medicine with physician supervision [4] . PAs' practices are not only in the areas of primary care, internal medicine, family medicine, pediatrics, obstetrics, and gynecology, but also in surgery and the surgical subspecialties. Physicians may delegate to PAs those medical duties that are within the physician's scope of practice and the PA's training and experience. Therefore, a broad range of diagnostic and therapeutic services are delivered by PAs to diverse populations in rural and urban settings.
Because of the close working relationship between PAs and physicians, PAs are educated in a medical model designed to complement physician training [4] . The intensive PA education programs are accredited by the Accreditation Review Commission on Education for the Physician Assistant (ARC-PA). The average PA program runs approximately 26 months [4] . Graduation from an accredited PA program and passage of the national certifying program, developed by the National Commission on Certification of PAs (NCCPA), are required for state licensure. Federal or state laws and regulations affect PA workforce development and practice management [5] . The sustained growth of the PA workforce appears to be supported by federal Title VII of the U.S. Public Health Service Act, in response to skyrocketing medical expenditures, the physician shortage, and the primary care shortage crisis [6] [7] [8] [9] [10] [11] .
The physician shortage and the aging population make cost containment a critical issue [12] [13] [14] . A cost-effective way to meet the aging population's primary care needs is the PA model [15, 16] . As the growth of the PA profession, it is important to understand the trends of changes in the PA workforce, in order to promote health education and disease prevention for improving the population's health [17] [18] [19] [20] [21] . Furthermore, evidence from public health system research indicates that the population's health is inevitably influenced by national policies and optimal supply of medical workforce [22] . However, there is not much literature regarding the current supply of the PA profession. While Larson et al. has attempted to describe the status of the PA workforce, the limitations are lack of current data and population information [23] .
Using nationally-representative population data for 1980, 1990, 2000, 2005 , and 2007, we examined the overall trends of changes in the PA workforce. As part of this analysis, we also examined the demographic characteristics and socioeconomic dimensions of the PA workforce, and PA-to-population relationships nationwide.
Methods

Sources of data
The sources of data were the 1980, 1990, and 2000 U.S. decennial Census and the 2005 and 2007 American Community Survey (ACS). For this analysis, the Integrated Public Use Microdata Sample (IPUMS) was used. The IPUMS data is the Public Use Microdata Sample (PUMS), released by the U.S. Census Bureau and enhanced for longitudinal research [24] . The IPUMS draws its sample in all 3141 counties (or county equivalents) in the USA [24] [25] [26] [27] [28] [29] [30] . The IPUMS data for the 1980, 1990, and 2000 are from the 'long form' samples of the U.S. decennial Census in those years. The IPUMS data for 2005 and 2007 are from the annual ACS. The ACS is a rolling sample through the year and is adjusted to the Census Bureau's independent population estimates program [24] . The ACS protocol calls for a sequential contact with a mixed-mode survey, resulting in a high (over 95%) response rate [24] . With the use of IPUMS data, the differences in the surveys' definitions of occupations over time are resolved.
Study variables
In all of the IPUMS-USA data since 1980, respondents were asked to report their job activity and occupation [25, 26] . Participants reported whether they worked at a private-for-profit; private not-for-profit; local, state, or federal government; were self-employed; or worked without pay in farm and family business. Participants also described the industry in which they worked, and responded to a variety of other employment questions, including their occupation. The PAs were identified in the 1980, 1990, 2000, 2005, 2007 IPUMS-USA data by the available code '106' for physicians' assistants, classified under the category of professional specialty occupations [27] .
Over the 27 years, the only period of major change on the coding of occupation was between 1990 and 2000. Basically, the 1990 Census code '106' was matched directly to the 2000 Census code '311' for physicians' assistants [28] . The 1990 Census code '106' was equivalent to 2000 Census code '311', plus the code '340' for emergency medical technicians (EMT) and paramedics, and the code '365' for medical assistants and other health care support occupations. The 2000 Census code '311' would be equivalent to the 1990 Census code '106' and 5% of the code '208' for health technologists and technicians. However, the standard job title of 'physicians' assistants' remained the same as a single occupation over time. The change of code definition from '106' to '311' was based on keeping the number in that occupation, and earnings, consistent. working paper: "we analyze employment levels, average earnings levels, and earnings variance in our occupation categories over time, compare these to similar trends for occupations defined in the occ1950IPUMS classification, and test both classifications for consistency over time" [28] . Thus, we were able to analyze the characteristics of such occupations as physician and PA. We analyzed these study variables with a focus on the PA profession to describe the trends of the PA workforce. This is the first step of a serial analysis (forthcoming) to examine the changes in healthcare workforce structure in order to iden-tify the impact on health services utilization or medical expenditures, and to project the optimal supply of the nation's medical workforce.
Analysis
We applied the Geographical Information System (GIS) analysis to examine the patterns of changes in the PA workforce from 1980 to 2007. Maps were developed to provide an intuitive graphical display of the data. The analysis documented how demographic trends and the geographic distribution of the PA workforce have changed over time, with a focus on the most recent period from 2000 to 2007. In addition to analyzing overall trends, we assessed the degree of variation in the PA workforce distribution across the states. Furthermore, we examined the ratio of PAs to population by state. The analysis was supplemented with data on the PA profession's average hourly and annual wages from the Occupational Employment Statistics (OES) from the U.S. Department of Labor. Appropriate statistical tests have been applied, especially to the 2005 and 2007 Census data, given their relatively small sample size (1% sample), to ensure the estimates are reliable. All analyses were adjusted for the complex census design and analytical weights provided by the Census Bureau. 
Results
Overall trends of the PA workforce
PA-to-population ratios and wages
Ratios of PAs per 100 000 persons varied greatly among the states for all years in the study (Table 3 second period, from 1976 to 1991, seemingly marked the establishment of primary care disciplines and related divisions in all medical schools [8] . Meanwhile, there was a small decrease in male PAs and a slight increase in female PAs, as shown in our findings. In the third era, from 1992 to present, national policy goals have emphasized caring for vulnerable populations, greater diversity in the health professions, and innovative curricula to prepare trainees [8] . Apparently, the third period of Title VII support induced a sustained growth of PA workforce, especially the expansion between 2000 and 2005. The findings of increased percentage of minority PAs and levels of PA education in this study could serve as direct evidence of the targeted outcomes of the Title VII third era's national policy goals. The correlation between the federal Title VII Public Health Service Act and the PA workforce expansion could be empirically tested by the planned follow-up analysis.
While we see favorable increases in the total numbers of PAs, the levels of education, and the percentage of minority PAs, an alarming sign is also indicated in our study.
Although it is still a relatively young medical workforce, the PA profession is growing older -a reflection of similar trends in other professions and in the nation's population in general. To keep up with the PA profession's original goals of meeting the aging population's primary care needs, it is imperative to develop innovative recruitment strategies for PA programs to enroll new PA students in their 20s and early 30s. This is critically important in building a sustained supply of the PA workforce.
Recruiting younger PA students might also help to balance the ratio of males to females, since the 'feminization' of the PA profession appears to be the consequences of more education, observed in females [31] . In addition, a previous study suggests that younger PA students are more likely to stay and practice in rural areas if they are recruited and receive training there [32] . Therefore, recruiting younger PA students locally would help to meet the original Title VII goals of filling the existing gap of the physician shortage and enhancing the primary care practice in rural or underserved areas. Our findings have shown a large variation among the 50 states and District of Columbia with regard to the rates of PAs per 100 000 persons and the PAs' average wages. Some possible explanations include the changes over time in state laws for PA practice regulations, the delegation of services agreements (DSA), and the numbers of PA educational programs. The American Academy of Physician Assistants (AAPA) website has the detailed summaries of state laws and regulations [5] . A comparative reading of the summary clauses of state regulations indicates that a favorable practice environment, in particular the flexibility of physician supervision requirements [5] , appears to be the most important factor in encouraging the growth of the PA workforce. For example, New Hampshire, Maine, and Rhode Island -the three states with the highest rates of PAs per 100 000 persons in 2007, had relatively flexible supervision requirements. In these three states, a physician was not required to be physically present, as long as the physician was easily contactable to advise the PA through easy-to-use and effective electronics or telecommunications.
However, more restricted supervision requirements existed for the three states with the lowest rates of PAs per 100 000 persons in 2007. Mississippi requires on-site presence of a physician for the first 120 days of care, and a supervising physician must review and initial 10 per cent of the PA-written charts monthly. New Mexico demands immediate communication between the physician and the PA to specify what services may be provided. Missouri mandates that the attending physician must practice in the same facility as the PA, and be present at least 66 per cent of the time when a PA is providing care.
Furthermore, the enacted dates that PAs were licensed, registered, or certified to practice had inevitable impact on the variations of PAs' ratios per 100 000 persons and PAs' average wages. In 2000, Mississippi--the state with the lowest rate of PAs per 100 000 persons and the lowest average wages in 2007--was the last state to establish the statute for PA practice [5] . Our study suggests the necessity for the federal government to standardize PA practice regulations across the nation in order to effectively allocate workforce, improve quality of care, and reduce health disparities.
Moreover, we posit that the availability or the numbers of PA educational programs played a chief role in influencing the geographic distribution of the PA workforce. Based on a list of all accredited PA educational programs by the AAPA [4] , of the three states with the lowest rates of PAs per 100 000 persons in 1980, two states (Vermont and Wyoming) did not have any PA educational programs. Similarly, no PA educational programs were found among two of the three states in 2007 with the lowest ratios of PAs to population (Mississippi and Missouri). Therefore, a national approach or coordinated strategy for training and retaining PAs is recommended in order to sustain the PA workforce supply and balance the distribution of the PA workforce more equitably.
Limitations associated with the data should be noted. Like all surveys, the USA Census surveys are subject to potential problems of sampling error and response bias. The PA samples are relatively small for some states in 1980. Data on their attributes at the national level are more reliable and the relatively high response rates minimize the potential for selection bias. In addition, the measures of occupation and job activities were self-reported, and might contribute to reporting bias. Finally, the estimated numbers of employed PAs appear to be higher than those estimates of clinically active PAs in the AAPA survey report. The differences in the estimates can be attributed to the different assumptions or survey sampling methods and questionnaires used for data collection. Among the study's strengths are innovative analysis ideas and unique research designs to explore a topic without much existing literature.
As a first step in identifying the optimal structure of the nation's medical workforce, our study informs the USA policy by providing new information about national trends in the PA workforce from 1980 to 2007. Further studies are necessary to inform the development of national policies with regard to the cost-effectiveness of various supply patterns for meeting primary care needs, especially in rural or underserved areas, and the impact of various supply patterns on medical expenditures in the nation's health care system.
